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HAYSTACK-WESTFORD SURVEY 


W. E. Carter 
C. J. Fronczek 
J. E. Pettey 


National Geodetic Survey 
National Ocean Survey, NOAA 
Rockville, Md. 20852 


ABSTRACT. A special purpose three-dimensional geodetic 
survey was conducted in the vicinity of the Haystack- 
Westford Radio Observatory complex near Boston, Mass. 
The survey included a high accuracy network connecting 
points of interest within the observatory complex and 
connections to the North American Datum (NAD) and the 
National Geodetic Vertical Datum (NGVD). Extraordinary 
efforts were made to determine the components AXp, AYq, 
AZR of the Very Long Base Line Interferometry (VLBI) 
vector base line to the highest possible accuracy 
between the Haystack and Westford radio telescopes. 

This report contains descriptive information on the 
methods employed in the collection, reduction, and anal- 
ysis of the survey data, tabulations of the observa- 
tional data, and numerical and interpretative results of 
our analysis. 


INTRODUCTION 


The results are given for a special purpose study conducted by the 
National Geodetic Survey (NGS), an office of the National Ocean Survey 
(NOS), NOAA, in the vicinity of the Haystack-Westford Radio Observatory 
complex near Boston, Mass. 


The survey had three major goals: 


@® To determine the locations of the Westford and Haystack radio 
telescopes relative to the North American Datum and the National 
Geodetic Vertical Datum. 


® To determine accurately the relative locations of the Haystack 
VLBI, Doppler, and intercomparison-validation reference marks. 


e To determine in a well defined coordinate system the magnitude 
and orientation of the vector base line between the VLBI reference 
points at the Haystack and Westford radio telescopes. 


Since the survey required expertise within several specialized geodetic 
areas, it was planned and managed by a special work group. W. E. Carter 
served as Project Manager and C. F. Fronczek was Special Technical 
Advisor. Field Operations were performed by geodetic teams G23, 
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G-37, and G-47, under the direction of the party chiefs, H. D. McKinney, 
D. C. Frazier, and R. S. Cohen, respectively. 


The final adjustment of the survey was performed by using computer 
program HAVAGO (Horizontal and Vertical Adjustment of Geodetic Observa- 
tions). HAVAGO was developed by T. Vincenty (1979) of NGS for special 
purpose surveys which combine horizontal, vertical, astronomic, and 
electromagnetic distance measuring (EDM) observations in a three-dimen- 
sional adjustment. The input for HAVAGO is listed in appendix A. 
Output is shown in appendix B. 


Close cooperation was received throughout the survey from the Northeast 
Radio Observatory Corporation (NEROC), which operates the Haystack and 
Westford Observatories. NEROC was directly responsible for all tasks 
involving telescope operations and facility modifications. 


BACKGROUND 


The National Geodetic Survey, NOS, plans to use the Westford Radio 
Observatory as one of three permanent stations for project POLARIS 
(POLar motion Analysis by Radio Interferometric Surveying). The project 


will utilize VLBI observations for monitoring polar motion and Earth 
rotation (Carter et al. 1978). 


The Haystack Observatory has been used for the past several years by 
VLBI researchers, enabling the determination of very high accuracy base 
lines between Haystack and several other radio observatories, e.g., 
National Radio Astronomical Observatory in Greenbank, W. Va.; Owens 
Valley Radio Observatory, near Bishop, Calif.; and Goldstone Radio 
Observatory, near Barstow, Calif. These observatories will very likely 
be used as base stations, in conjunction with transportable VLBI systems, 
to establish a much more extensive high accuracy network when VLBI 
becomes an operational geodetic tool. The VLBI base lines have already 
been used by NGS as a standard to check the Doppler satellite network 
scale and orientation. The Doppler network will, in turn, be a very 
important component of the new North American Datum. 


Comparative studies of various "space techniques" are being conducted 
cooperatively by the National Aeronautics and Space Administration 
(NASA) and NOS/NGS. Methods with geodetic potential include VLBI, 
satellite laser ranging, lunar laser ranging, and Doppler satellite 
observations. 


The Haystack-Westford Radio Observatory is one of the primary sites 
being used in these studies. As part of this program a facility suitable 
for occupancy by transportable laser ranging and VLBI systems has been 
constructed adjacent to the Haystack Radio Observatory. The measurements 
made by the various methods refer to different reference points, and the 
results can be compared only after their reduction to a common reference 
point. This survey was designed to yield the data necessary to make 
these reductions. 


During the past several years Haystack-MIT (Massachusetts Institute 
of Technology) researchers have repeatedly used VLBI observations to 
determine the vector base line from the Haystack radio telescope to the 
Westford radio telescope. Their results are summarized in Rogers et al. 
(1978). The only other comparative information available is the result 
of a survey conducted by a private surveyor, R. Pressey, of Pressey, Inc., 
Lynn, Mass. Unfortunately, this survey was only designed to yield an 
accurate length, i.e., the magnitude of the vector base line, and did 
not address the question of orientation in any meaningful way. The 
VLBI and survey-determined lengths did agree to better than 1 cm, but 
the components had differences which were an order of magnitude larger. 
The NGS survey design was strongly influenced by a desire to determine 
optimally the components AX,» AY AZ, of the Haystack-Westford base 


line with present operational techniques and reasonable cost constraints. 
HAYSTACK-WESTFORD VECTOR BASE LINE 
Basic Formulation 


The components of a line connecting two stations on the Earth, expressed in 
a standpoint altitude-azimuth coordinate system are 


AX, = B cos A cos a 
AY, = B sin A cos a 
AZ, = B sin a 


where 
B is the chord distance between the stations, 
A is the azimuth of line B, 


a is the altitude (vertical angle) of line B. 


Subscript A indicates an altitude-azimuth reference frame. 


If the astronomic latitude and longitude of the standpoint (i.e., the 
direction of the local vertical with respect to the rotational axis 
of the Earth and the Greenwich meridian) are known, the components can 
be determined in an equatorial frame of reference. The appropriate 
equations are 


AX, = B [cos i (cos $ cos a — sin $ cos A cos a) - sin i cos A cos a] 
AY, = B [sin (cos > sin a - sin 4 cos A cos a) + cos A sin A cos a] 
AZ, = B [cos ¢ cos A cos a + sin 6 sin a] 

where 


B, A, a are as previously defined, 
¢ is the astronomic latitude, 
dX is the astronomic longitude. 


Subscript E indicates an equatorial reference frame. 


The concepts and equations which are briefly presented above form the 
basis for the methods often referred to as three-dimensional geodesy. 
Several books and papers have been published on the subject, e.g., 
Heiskanen and Moritz (1967), Bomford (1971) and Rapp (1975). 


Survey Scheme 


Because of local terrain, vegetation, and obstructions associated with 
the radio telescopes and their enclosing structures, the VLBI vector 
base line could not be directly observed. It was necessary to use the 
survey network shown in figure l. 


The Haystack telescope (fig. 2) has an altitude-azimuth mount. The 
vertical (azimuth) and horizontal (altitude) axes intersect (any eccentricity 
is below the resolution of this survey) and the point of intersection is 
the VLBI reference point for this telescope. There is no physical 
component at this point, but rather it is a point in space that can be 
located only with respect to some auxiliary monumented point. 


A special marker was designed and fabricated by NEROC and installed on 
the telescope trunnion. The location of the vertical axis was determined 
and marked as accurately as the survey techniques would permit. (The 
uncertainty is estimated to be a few tenths of a millimeter.) This mark 
was given the station designation HAYSTACK-TRUNNION. It is located 
directly below the intersection of axes at a location suitable for 
setting up and operating instruments such as theodolites and EDM units. 


NEROC cut two 30-cm-diameter holes in the Haystack radome to allow 
lines of sight from HAYSTACK-TRUNNION to the instrument points on temporary 
survey towers at stations OUTER CONTROL POINT (OCP) 2 and MILL. 
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Figure 1.--Haystack-Westford vector base line survey scheme. 
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Figure 2.--The Haystack radio telescope is a 3/-meter diameter 
Cassegrainian type instrument with an intersecting axis alti- 
tude azimuth mount. It is housed in a 46-meter diameter 
rigid radome. HAYSTACK TRUNNION is the monumented survey 
station established during the geodetic survey. 


The Westford telescope is also an altitude-azimuth mounted instrument, 
but the vertical and horizontal axes are offset by more than 0.3 meter. 
(See fig. 3.) The VLBI reference point is located at the intersection 
of the vertical axis with the plane containing the horizontal axis. 
Again, this is a point in space that must be referred to an auxiliary 
monumented point. A punch mark was made in the steel decking of the 
telescope directly on the vertical axis. This mark was given the 
station designation WESTFORD ANTENNA. The Westford telescope was NOT 
enclosed in a radome during the survey. 


Astronomic Observations 


Astronomic latitude and longitude were determined at three points 
in the immediate vicinities of stations WESTFORD, MILL, and OCP Le 
The astronomic positions of the remaining stations were considered to 
be adequately determined because of their close proximity to one of 
these primary stations, i.e., the deflections were assumed to vary 
insignificantly for distances of a few tens of meters. Table 1 lists 
the observed deflections at the three primary stations. 


Table 1.--Deflections of the vertical 


a 


Deflections 

gE n 
Vicinity (arc sec) (arc sec) 
OCP 2 -1.75 +0.08 
MILL -1.85 + .52 
WESTFORD -2.16 + .79 


The longitude determinations were made by the meridian transit method 
(Hoskinson and Duerksen 1947) using a Wild T-4 theodolite and a Data- 
metrics model SP-300 digital timing system. All the observed stars 


were taken from the Fourth Fundamental Catalogue (FK4) (Fricke et al. 1963). 


The latitude determinations were made by the differential zenith 
distance method, often referred to as the Horrebow-Talcott method 
(Hoskinson and Duerksen 1947). The constraints on zenith distance 
differences and time between transits of the stars forming pairs require 
a catalog containing a large number of stars. It is not feasible to 
form acceptable observing lists from the FK4, which only includes 
approximately 1,500 stars. NGS presently uses the Smithsonian Astro- 
physical Observatory Star Catalog (SAO 1966) which contains more than 


250,000 stars. This catalog has been related to the FK4 through 
zonal corrections. 


VLBI Reference 
Point 


> Horizontal Axis 
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ANTENNA —~ 
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Figure 3.--The Westford radio telescope is an 18-meter diameter 
Cassegrainian type instrument with an eccentric (nonintersecting) 
axis altitude-azimuth mount. It is housed in a 30-meter diameter 
inflated radome. WESTFORD ANTENNA is the monumented survey sta- 
tion established during the geodetic survey. 


Both the latitude and longitude determinations included observations 
by two observers to minimize personal biases. Observations were made 
on two or more nights to reduce anomalous refraction errors. In 
addition, the sequences of observations were changed between nights 
to broaden the spans of right ascension covered by the observations. 


Astronomic azimuths were observed by the "direction method" (Hoskinson 
and Duerksen 1947) using POLARIS at any hour angle. Analyses of 
astronomic azimuths have shown that the determinations are contaminated 
by significant systematic errors such as observer bias and instrumental 
biases (Carter et al. 1978). To minimize the effects of these systematic 
errors, a multiplicity of instruments and observers were employed. 
Observations were repeated on different nights and the intensities of 
the target lights were adjusted to resemble (as closely as possibile) 
the star. All azimuths were observed with Wild T-3 theodolites. For 
the few lines not directly included in the azimuth observational program 
(very short lines) azimuth orientations were obtained through angular 
transfer using horizontal angles measured independently from the azimuth 
determinations. 


It is well known that the orientation of the physical body of the 
Earth with respect to the axis of rotation varies with time. This 
phenomenon is commonly referred to as polar motion. Polar motion 
causes the components of a line expressed in an astronomic reference 
frame to be time dependent. If multiple determinations of the components 
made at different epochs are to be compared, the observed values must 
be reduced to a common epoch. All astronomic latitudes, longitudes, 
and azimuths used in this survey were reduced to the Conventional 
International Origin using polar coordinates and time information 
published by the Bureau International de 1'Heure. 


Altitude Observations 


The altitudes (vertical angles) of the various lines were measured with 
Wild T-3 theodolites. Because of the shortness of the lines and by the 
use of surveying towers, which provided good ground clearance along all 
primary lines, refraction was not a major source of uncertainty in the alti- 
tude observations. The main sources of uncertainty resulted from measure- 
ments of the heights of the instruments and targets above the marks and from 
personal and instrumental biases. As with azimuth determinations, an attempt 
was made to minimize these biases by using several observers, theodolites, 
and observing periods. 


Precise Leveling 


Precise leveling was performed among the ground marks. These elevation 
differences can be included in the three-dimensional adjustment if certain 
assumptions are made about the behavior of the geoid within the survey area. 
The assumption most commonly made is that the direction of gravity varies 
uniformly between the endpoints of a line. Rapp (1975) presents appro- 
priate observation equations for this simple model. 
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The Haystack-Westford survey is very limited in extent and the terrain 
is not unusually rugged. The deflections listed in table 1 do not 
suggest any anomalous geoidal behavior in the area. The simple model 
appears quite appropriate and was used in this survey adjustment. 


Electromagnetic Distance Measurements 


Electromagnetic distance measurements were made over all lines of 
the survey scheme. Three different instrument models were used: 
Tellurometer MA100, Hewlett Packard 3800, and Ranger IV. A1l were 
calibrated immediately prior to their use, and their frequency standards 
were checked frequently during the survey. 


Meteorological measurements to determine the atmospheric index of 
refraction were collected at regular intervals throughout the EDM 
observing periods. Experience has shown that, even after the application 
of all known refraction corrections, scale biases as large as a few 
parts in 10© often exist between EDM made during daylight hours and 
darkness (Carter and Vincenty 1978). Since the source of bias is not 
clearly understood, it is not possible to state definitely what relation- 
ship exists between the correct scale and daytime or nighttime observa- 
tions. With the absence of better guidelines, the EDM observing schedules 
were divided almost equally between daylight and nighttime periods. For 
this particular survey, the primary sources of errors in the EDM observa- 
tions were probably instrumental biases and setup (centering). 


Comparison with VLBI Results 


The components of the Haystack-Westford base line (extracted from 
appendix B) are given in table 2, along with the values derived from 
the VLBI experiments. The differences between the AY, and AZy components 
are larger (by a factor of 2 to 4) than would be expected from the esti- 
mated uncertainties associated with the values. If these values are 


Table 2.--Comparison of NGS and VLBI components of the 
Haystack-Westford vector base line in an equatorial 
reference frame 


Difference 
Components NGS VLBI NGS-VLBI 
m m m 
AXp -198.139 -198.139 -0.000 
AYE -863.983 -863.999 + te OG 
AZ -866.234 -866.223 - .011 


B 1, 239390 1,239.394 - .004 


It 


transformed to a Haystack altitude-azimuth frame of reference, the 
discrepancy is almost entirely in the AZ, component (table 3), which 


Table 3.--Comparisons of NGS and VLBI components of the 
Haystack-Westford vector base line in a Haystack 
altitude-azimuth reference frame 


Difference 

Components NGS VLBI NGS-VLEI 
™m m m 
AXa -1,149.592 ~1,149.594. +40.002 
AY, -462.196 -462.200 + .004 
AZy -30.024 -30.005 - 019 


corresponds closely to a disagreement in the difference in elevation of 
the two observatories. To ensure that no undetected blunders had 

been made in the NGS survey, a special team verified the connections 
between the Haystack VLBI reference point and OCP 2 and Westford VLBI 
reference point and station WESTFORD 1978. Both connections checked 

to tl mm. Later, the difference in elevation between OCP 2 and 
WESTFORD 1978 was also verified by the leveling team which made the 
connection between the Haystack-Westford scheme and the NGVD. 


During the reduction, adjustment, and analysis of the survey, tests were 
run to determine the sensitivity of the solution to the selection and 
weighting of individual observations. For example, adjustments were made 
with only the zenith distances, only the leveling, and both the zenith distance 
and leveling observations included. The a priori uncertainty estimates of 
the observaions were also varied. The components of the base line varied by 
only a few millimeters for the solutions based on what we considered plausible 
data sets. It appeared very unlikely that the base line components deter- 
mined by the survey could be in error by enough to explain a significant 
portion of the 0.019 meter discrepancy in AZ,. 


Rogers et al. (1978) had pointed out very explicitly that little was 
known about the gravitational flexures of the two radio telescopes. 
Because of the disagreement between the NGS and VLBI results, NEROC 
personnel measured the flexures. They found that the Haystack telescope 
did exhibit significant flexure. The effect of this flexure on the VLBI 
base line orientation is qualitatively correct, and quantitatively of 
the correct order of magnitude. The final numbers were not available 
in time for inclusion in this report, and will be published elsewhere 
in a joint NGS-MIT-NEROC paper. 
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NAD 1927 CONNECTION 


The connection to the North American 1927 Datum is shown in figure 4. Both 
EDM and horizontal directions were observed. WACHUSETTS 2 1896 and 
TADMUCK (MAGS) 1936 are transcontinental traverse (TCT) stations. This net- 
work was included in the survey adjustment performed by program HAVAGO, and 
all pertinent data are given in appendices A and B. 


OGR2 


MICRO 


TADMUCK 
(MAGS) 1936 


fi 


WACHUSETT 2 1896 


Figure 4.--Connection of Haystack-Westford vector base line 
survey scheme to NAD. 


NGVD 29 CONNECTION 


In addition to the precise leveling accomplished as an integral part of the 
Haystack-Westford vector base line survey, a first-order, class I level line 
was run to connect the local scheme to the National Geodetic Vertical Datum 
(NGVD). The spur line is 24.4 km in length and connects to the first-order 
network at Lowell, Mass., at bench mark Z33. Figure 5 shows the path of the 
survey. The field work was completed by a subunit of Party G-37, under the 
supervision of R. Taylor. An adjustment was performed by the NGS Vertical 
Network Branch, holding the elevation of bench mark Z33 fixed at the 
NGVD 29 value of 46.410 m. The resulting normal orthometric heights are 
listed in appendix C. 


GRAVITY SURVEY 


Gravity measurements were made along the level line that connects to the 
NGVD 29 and at several survey marks within the observatory complex. Ties 
were also made to the U.S. National Gravity Base Network (USNGBN). The field 
work was done by L. M. Johnson, and the data were reduced and adjusted by the 
NGS Gravity, Astronomy, and Satellite Branch. Results are listed in appendix D. 
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Figure 5.--Connection of Haystack-Westford Radio Observatory complex 
to National Geodetic Vertical Datum. Heavy dashed line indicates 
route of new leveling. 
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APPENDIX A.--INPUT DATA FOR ADJUSTMENT 


Program HAVAGO produced the following computerized listing of input 
observational data for the survey. 


15 


16 


@ wid € ON d3O0 WOVASAVH 


T wu € ON d3O0 WOVISAVH 


T WY dWOd YSINI WOVLSAVH 


dWOD YBINI HOVLSAVH 


SZ6T € ON d30 WOVISAVH 


vwa eLo0¢ 


AVUMNIVM YaddN N ANOLSTIIW 


vwd ONOd3uIS 


SIdv 3NOLSTIIW 


9£6t SOVW NINWaVL 


L£€6T 2 LL3SNHOVM 


VNN3ZINY OHO4LS3M 


NOINNAYL HOVLSAVH 


@ ON d30 WOWVLSAVH 


OUSIW 


Wiw 


aguosaisam 


4 x 
JwVN NOTLYAS 


646T°OU YAEWILdIS AvVONOW 


0°0 


0°0 


0°0 


0°0 


0°0 


0°0 


0°O 


0°O 


0°0O 


a°0 


0°0 


0°0O 


0°0 


Too°Oo 


suouNs 
(Ww) SYOuNS 


00°OT 
0°O 


00°OoT 
0°O 


00°OT 
0°0 


00°OTt 
0°0 


00°OT 
0°0 


00°OT 
0°0 


00°OT 
0°0 


00°OT 
0°90 


00°OT 
0°0 


o¢°O 


T00°O 


o<°o 
6°60 


00°OT 
0°0 


00°OT 
0°0 


euLSY 
°0039 


9¢6°O0eT 


BLS°Tet 


Tege°Oet 


OnL°OeTt 


T6L° OCT 


eL6°6ET 


e26°OST 


L6T°9ET 


Stz°2et 


008° cht 


o0L°TT9 


g0s°stt 


2e0°sst 


9¢8° OCT 


eso°ett 


eSt°Let 


2ng°sSé 


°4H°G039 


0°00 oO 0 0o°o0 o 0 ¢¢ 
heeSe°et 62 TL ecsse*te Le ch £¢ 
o°o oO 0 0°0 oO 0 eg 
62nc9°6T 62 TL LLTEL *e!% LE Zh ee 
o°o oO 90 o°o 0 0 TE 
4se02°9STt 62 TL ¢9902°T2 Le 2h Te 
o°0 oO Oo o°o0 oO 0 o¢ 
e6eie°LT 62 TL 4LOhe°te LE eh o¢ 
o°o oO 0 0°o0 oO a 62 
h6LSe°et 62 Te n9cOn°te Le *h 6¢@ 
o°o o 0 o°o0 a 0 42 
ceett°’ée 62 TL ZOneo°h Le Sh Le 
o°o oO 20 0°00 )60ChlCUO 92 
€LTB6°Se 6c TL oge0S’e “Ze eh 9¢e 
o°o oOo 0 o°0 oO 0 se 
TIVBO° HE Ec TL eet9e°c LE eh Se 
o0°o a 0 0°0 Oo 20a he 
9SLSh°4e 62 TL heSel°e? LE ch he 
4G°he 92 Th O6°EE hE 2h 6T 
n0000°¢ee 92 TL 002Le°SE HE eh 6T 
O4°s ¢S TL 09°LT 62 2h £T 
c60ge°et ¢S TL tetse°02 62 eh ¢T 
0°o Oo 0 0°o0 oOo 0 et 
Ee6Th°ee 62 TL E66h2S°9h IE Sh eT 
o°o Oo 20 o°0 60ChlUO Tt 
6GEThT’ét 6e Te 99s0c*’¢2 Le eh Tt 
6h°9T 62 TL 00°T?e LE 2h oT 
Oghee’ot 62 TL TOLHL° Se LE 2h OT 
o°o 98 0 o°o0 )6OChlU0 Z 
Ageza°es 62 Te 998S2°Ch 9F eh Z 
h6°TE 62 Th nO°T LZ eh h 
ge6c2°ts 62 TL g006e°2 LE eh h 
24L°6S 62 TL 99°fh 9E ch T 


ot 


€RL69°RE GS TL zezeea°Sh 9¢ 2h 


°NOT JIWONOYISY e1v7 JITWONOUISV y3aeWnAN 
*NOW 374130039 °ai¥% 321130039 NoILvAS 


ViVO noTivas 


LNdNt 


ay 


oo°st 00°ST o°o oO 90 0°06 60D 6 

PTBIA GHOsISIM 0°O 0°90 O°O e2n°stt eeetn°6e 62 TL €66hS°9h OE 2h 6¢ 

oo°sct a0°O0T 0°o a 0 o°o0 0 0 g¢ 

TQqA HOVASAVH 0°0 0°0 0°O Leg°Sht 6eTht°at 62 TL 99S0S°¢2 LE 2h a¢ 
2 A x SYOUNs °1S PULSY °NO? JIWONOULSY *L¥7 JTWONOYLSY y3aawWnN 
awVN NOTIVIS (Ww) SYouys *41S °0039 °1H*G039 °Noyd 37430039 °4V9 91130039 NOTAVIS 


viVG NOIivasS 


39Vd 6246T*OT YagWaILdgS AVONOW 4NdNt 


18 


£ 


39Vd 


6L46T*°OT Y3EWI1dIS 


AVONOW 


eoeevevsecsvescesesec0sco3e5c567eoeeeeegc5usx#v# eee 


ooeowoeweoeweeeeeeeeeeeee 


aA AHA AHH HFOCCOMMMMOOCCORM aA HMaAMaA BO OCOCOcCCOCOOMmMoCcCOoORMHtOoOCoCooSsSe 


NUNUNNNN NER REE OOO OFRF FE NUNN ON ONNF RR RR RFR ROORRK RFR ANE RE REE EER 


© 
u 
J 
n 


coeoeeeeeeeeeee 


eoeoeeee eee © © © © © 
Bt A At A AK AAA AK HHA AAA KM AA KAA A KH A Kt KA KH AA KAA KH A AMA AAA AKA eA KAA KAY 


ooooeccocooecooancoocecoeocooeoeceecoeoececoecocee00neece rz eeeco0cece0o0coee 


Wi 


hL°LT 9h OG2 
69°9S 9T Ghz 
Se*Lh 9h 6S 
LU°z2 Sh Bh 
0°0 0 O 
G6°S2 OF She 
€Sthh 9T ZIT 
60°O 2 OTT 
02°2S €t Zot 
o°0 0 O 
O1°e2 OF Sh2 
T6°Ol @ 22 
ee°h L£ OTT 
hT°LS €b 20T 
0°0 0 0 
19°@2 O€ Ghz 
se°ll @ 22 
oe’ss 9 OTT 
G9°Sh ET ZT 
0°0 0 O 
Zh°st T 292 
0°0 0 0 
z0°9 «¢¢e TS2 
Ot’se 9 OG2 
O2°6h £S LT2 
@L°Se Ih CT2 
00°s¢ 6T 2hT 
0°0 0 0 
9n°ce BE B 
0°0 0 0 
26°9S hI 9S¢ 
Bh°hs ST 9e¢ 
£0°2t et OF 
0°0 0 O 
09°ST 2f Sz2t 
01°42 9 «G6 
Oe°o2 T £6 
0°0 0 O 
hS°SsS 9¢ TOT 
T9°L @h h9 
h6°he 6 9S 
0°0 0 0 
66°0 8S fht 
et°oge S2 99 
68°4S 9h SO 
0°0 0 0 
OS°ts 92 Ose 
29°GE 8S SLT 
Te°ch T2 99 
0°0 0 (OO 
ganu3sso 


At AA KF A AHH AHAMMOMMF TFS TFOM A KDA KH AA AKA BAA HAMM MMMADAHD KAA aA Ae 


4S1 


h os 
h 6h 
h Cr 
h dh 
h oh 
ri Gh 
Z bh 
ZL €h 
L eh 
L Th 
L Oh 
L 6¢ 
f e¢ 
Z L¢ 
ZL 9¢ 
L s¢ 
L he 
L £¢ 
Zl z¢ 
L T¢ 
Tt o¢ 
Tt 62 
62 a2 
62 L2 
62 92 
62 Se 
62 te 
62 2 
at ze 
OT T2 
OT 02 
OT 6T 
OT eT 
OT LT 
OT oT 
Ot ct 
OT ht 
Ot ¢T 
OT 2T 
OT 19 
OT OT 
OT 6 
te 8 
Te ZL 
Te 9 
Te S 
O¢ h 
Og ¢ 
O¢ 2 
O¢ T 
woud 
SNOILI3IUIG 


4indNi 


19 


h 


39d 


6L6T°OT YREWILd3S 


AVQGNOW 


is V°ewod woud 


°SNVUL 


2 ©eevee eee eee 8 ee © © &@ & & 
Coe eHn OOK Ht HMaHooooooececoenrocee eeceeooooecooonmmn 


eet e882 e® F828 e& @ @ 


RRR RARER ANNAN ARR RR RRR RRR RRR RRR RRR RR RR RRR OOO 
e e .°@ ee eo e @ e oe 6 


° 
{5} 
re] 
74) 


eeee8e 6 © &®& © © @ © © 
eo os Bo os on Be oe oo to 


eoooocoeaecoeocoeooo 


ao 
@ 


40°¢¢ 6h 062 
40°LT bh 6& 
6°o 0 06 
6E°Eh HS 69T 
og°ds OS OFT 
o°o 0 0 

et°ee ec 6 
G6°6E Oh O 
0°00 oO 0 
L6°2@k 82 6 
6o°st te Tt 
to°es et T 
Te°s6e Oh O 
o°o 80 0 
se°te ac 6 
24U°nt Te T 
Te°es ot T 
o°o 6 6OClCUG 
¢S°e¢e hS 89 
L4E°he 9G 29 
O2°2e€ FE 6S 
o°o oO 0 
Gaces tS 89 
69°h?e 9S @9 
ee°ee EF 6S 
o°o)6OlClCOO0 
Se°se HS 29 
60°ee 9S e9 
OS°?h €€ 6S 
o°0 600 
6e°es 6T One 
Tl°ee O 69T 
e2°6e TT hd 
96°LeE 9T hO 
neo OC U0 
4t°S 6S LST 
o°o 0 0 
69°26 he Hl2 
22°Gt 9h 0G2 
62°ThH ST BOT 
@h°Tte Gh Bh 
o°oc oO 0 
a3A839S90 


FIFAHAAAANNNANMMHMM HA AHANUNNUNANNNMMAAAN WW 
eS =f 


tT 26 
tT 16 
T 06 
T 68 
T 8a 
t 28 
€T 98 
£T SB 
£T he 
Tt £8 
et ze 
gt T@ 
£t 08 
£t 6L 
£T gL 
£T ZZ 
£t 9L 
£T SL 
6t hk 
6t fl 
6T eL 
6T TL 
6T OL 
6T 69 
6T e9 
6T L419 
6T 99 
6T $9 
6t ng 
6T £9 
h 2g 
h 19 
h 09 
h 6s 
h 8S 
h as 
n 9S 
h Ss 
7) hG 
bh £S 
h eg 
h TS 
woud 
SNOTAL939YTO 
ANdNI 


20 


°UVA TE°6*T OT EZ HoT = O°F 90°2e GS hL 6— €t get 
AMD 22 OT LL het O°t 29°St 92 062 TE Of Zeat 
nfa et Of Lz het o°t 86°Sh ct 002 2 Ot 92 
MM Ge OT LZ h°t O°T ¢S%Lh Gt 002 2 Ot set 
MM €2 OT 2Z S°t O°T TO°@h Gt O02 2 OT het 
MMD ce OT LL het O°T 6h°0S gt 002 2L Ot ¢2t 
wra TT OT 22 h°T O°T 96°8h st 002 2 Ot get 
NfQ OF 60 ZZ het O°T hh°0S st 002 L OT tet 
MMI @T OT Zz s°t O°T “£h°O02 hg 202) ft OT O2t 
MM 22 OT LL het O°T Og°22 ns 202 b OT 6Tt 
nra 22 OT LZ het 0°T 19°22 ns 902) fb OT gtt 
MMOD 2e OTF LL h°T 0°t Te°ece? ng 202 th OL «tt 
nro TT OF Le het O°T OL°2%e nS 802) ft ot 9tt 
wea O£ 60 LZ h°t O°T g2°€2 nS B02) fh OT sStt 
MM 80 OT Le HT 0°t gh°Ss|e st G2 OT Z htt 
nra 20 OT £é h°t O°T 4G°Oh GT 02 or 2 ett 
MMO 2O OT LL het O°T 99°9¢ GT 02 or 2 ett 
NFO 90 OT LZ het O°T e2°Le st 02 or 2 Ttt 
MAQ 90 OT LL het O°T ET°St ¢g 9 h Z OTT 
nro £0 OT 22 et O°t 60°6T ¢S 9 v7 L 601 
MM 90 OT 2d hee o°tT 2S°9T ¢S 9 fh Ll sot 
nea 90 Of LZ net O°T 22°ot eg 9 h ZL LOT 
NPQ he OT Ld het O°t 68°TS he 2 TT vf 90T 
nra SO OT ZZ net a°T et°tsS he €2 It h sot 
MMD. G2 6O LL net ort OS°Bh ne Fe Tt 4 hot 
NPO €2 OT LZ het O°T hh°?t nS 82 OT h cot 
MAD 22 OTF LL het 0°tT ST°OT hS B82 ot h 20T 
AMD 62 60 Le het O°r E€°St ng Be OT h TOT 
NFO Be 60 LL h?t O°T On°OT ne G2 OT h oot 
NFG €2 OT LL et 0°t Th°OS ES 9ET Z h 66 
MMO ce OT LZ het O°T h°STt ¢G 98T L h 06 
MAD 62 60 LL et 0°T 9£°S8T ES 99T Z h 16 
NrQ ee 60 LL het o°t Sh°dt €S 9ET ri h 96 
NPG he OT LZ net 0°T LT°hh hG 26T T A G6 
wra SO OT LZ het o°t 86°6E hG LET Tt h h6 
MM 42 60 LL h°t Ort 68°?h HS L6T Tt h £6 


Q3AxH3S80 OL wWwous 


e 
oO 
uJ 
wo 
be 
= 


SHLAWEZY JITWONOYLSY 


S 39d 62460°OR YAGWILdIS AVQNON ANdNt 


9 


39Vd 


6L6T°OT YRGWILd9S 


eoeeoeeereeeeeeeeeeeee 


coeoeoenro3ewe7eeeee 


oooooccooooocoeocooeeceoeceeoececoeococococceoecoececrooecoeocoecoooeooooooce 
e 
So veo saoseoeeesceocoece90n esc eae 2z7F0e0c0 c0o0Vfrcoee eso ssc0e cs0000 000202 


ts] 
x 


AVONOW 


eee35e#ee ceeereeee eeeeevsrveeeeeees @ 


oeeeeeeneneeeee 


ooooeoooooeocoooeococeooeceoecoeoeoocoeodconoeecooncoeococoeeoccoe0o0cecoeooc°oecoses 
e 
Coooocoemeooeoooeoocococeoeeceoeeocoecoeo0ocecooecmoecseoeooooceorveoocoooeo 


Tt 


eoeee 


ee 


ooocoaocooooqcooqcjoo 
e 
goeooeoeoeco0oo00o0oocos 


oooooocooocoeco 


ooooooocoocoeecse 


9¢e¢°0 
ehe eth 
hel°®e2e 
helen 
hZe°n 
eet°e 
ST6°E 
OST°h 
zs0°s 
giTt°e@ 
S06°E 
Nth 
zho°s 
9hEe*h 
2n2°o 
eel°go 
222° 
T6S°E° 
ThO°O 
€06°22 
0el°’eo 
Th0°O 
0£0° ho 
z6e°sm 
ogo’ ho 
26e°Le 
ec20°ho 
e6e°L> 
T9E°TT 
ene°d 
T9E°TT 
eneed 
r9e°TtT 
eneed 
T9E°TT 
ene°d 
The°h 
G69°E° 
9heeh 
sel er 
9he°h 
sel°ecr 
966°T2 
hhe°o 
g00°c2 
cet°o 
e00°2¢2e 
ceTt°o 
996°T2 
2eTt°o 


eT°H 


eoeeeevseeeneveeeeseevnveeeee ee Feeert ee ® Fe F&F @ © 


eoeee 


SBooo0no0ccd0occereccocooocooocoocococeecooeoeceodooooernocoeceoeHo0ooeooceo 
OD 0D PD PD RD PD OD PD PD PD PD PD OD DD FD PO PD DD PD DDD OD FD PD DPD OD DD > OP YD DO PD PD PO DPD POD A PD) PDO ID FSD 


eoeoceee 


eoeeeeereeeveeevrserteeeenstpteeeteeeeeeeeeeeeeeeeee 


FO) PED PF) OCD OD PD PFD OT) PD PF FD FD PD PD PFD PD PD PD FD PD PD OD FDP) DPD OD PP OD PD OO) PO OP 


eooo0ocoeoccocoococeo0ocecoooceecoceooeeo0oooececcecceoonoocncdcooecooeoeoeeces 


= 
= 


00°22 2T 06 
OO°te 2S 06 
Ga°se €2 68 
oo°t 92 Té 
OS°Th SS 68 
os°tz 8S 68 
On°é6e SE BE 
os°*9F 82 86 
On°’Th Bh 68 
O2°2¢ BS 6B 
OL°t2 SE ee 
OT°OE B82 86 
0a°Oh Bh 6f 
OS°he 2S 06 
oo°¢e Lt £6 
OL°ESS S2@ Té 
OO°TE SS 68 
OT°Se hh TE 
0G6°¢h th 98 
00°S2 92 <£0T 
Oe°eh Oh Te 
o0°s Sh 98 
06°Sse 6 68 
O4°ds 2 06 
0s°22 6 68 
06° HS @ 06 
O¢°’e2 6 48 
otT°’zs 2@ 06 
Ot°’zs £ 06 
Os°’ee 0 68 
0e°6s £ 06 
O¢°Onh 0 68 
o¢c’6s 2 06 
0S¢°Oh O 68 
02°95 L£ 06 
o¢°’Oh 0 68 
oz°ss TS 06 
OS°T2 92 Té 
OOo°t 26 06 
06°8S G2 T6 
09°0 2S 06 
os°es S2 Té. 
OS*ht SS 06 
00°4S 9T £6 
O¢°Lt SS 06 
On°te 9T £6 
09°6T SS 06 
os°¢se2 9T £6 
oe°et SS 06 
09°Te 9T £6 
Q3AYN3SE0 


92 OT 
he OT 
he £T 
he 7 

he éT 
£z ot 
£2 4] 

€2 T 

£2 6T 
ze oT 
ee h 

22 T 

ee 6t 
té ot 
Té Tt 

Te d 

T2 6T 
82 Z 

02 h 

6T 1 
6T 

6t 

gt 

eT 


4 


«A 


- 


~~ A «+§ #+# wAX 


o 
« 

Re eal es ra at etal Oa go SOS Oe ote rs 
Cal 


SBANNMMFTFFMONVODOKN 


4S1V) OL 


4 


Aaa ae PTS SRE PRR Pee ero rm 


tosses es sere eer eR RRR ERR 


woud 


g2t 
ddt 
9LT 
oy a § 
hLt 
Edt 
elt 
TLE 
OLT 
69T 
89T 
L9t 
99T 
sot 
not 
£9T 
cot 
TOT 
09T 
6cTt 
ect 
dct 
9st 
sst 
hSt 
¢Gt 
zst 
Tst 
Oct 
6hT 
ent 
dnt 
9nT 
Sht 
hht 
Ent 
cht 
Tht 
OnT 
6eT 
ect 
2et 
9¢eT 
Set 
het 
£¢et 
eet 
Tet 
Ot 
6et 


S3I9NV WOITLY3IA G3dnoYU9 


INdNI 


22 


0°o 0°0 -0°O 002°z2 o°¢E o°¢ OS°6t 9 OT 66 he of tte 
0°0 0°0 0°0 tLe°e? o°s Oa°¢ On°ze Le TOT 66 Se t OTe 
0°0 0°0 0°0 E9n°e77 o°s O°¢ o2°Tes he BE 66 92 bt 602 
0°0 0°0 0°0 oge°Zt a°¢ O°s acre SE 06 66 TT OT e02 
0°a 0°0 0°0 Elhn?dt= O°¢ a°¢ OL°Se Sh 68 66 OT tT L402 
0°0 0°0 0°0 The °e%c- O°O0T O°OT O2°@h 6S LL 66 iT et 902 
0°0 0°0 0°0 ose*°ze- O°OL O°OT O20 Tf Be 66 tT 2t coz 
0°0 0°0 0°0 eee °eZe- o°¢ 0°¢ Oz°ee €S LL 66 tT et n02 
0°o 0°0 0°0 6L40°O o°¢ O°s O06°H2 OS 68 66 6T OT ¢02 
0°O 0°0 0°0 a90°eTt- 0°0 0°O or°ze S 68 66 6 €2 20e- 
0°o 0°0 0°0 6S6°S2 O°OLT O°Ot Oe°eh Te 68 66 &t L 202 
0°O 0°O 0°06 T2e°t o°¢s o°s OF°STt ST 62 66 Lesh 102 
0°O 0°6 0°O 6e0°e2 O°0T C°OT On’ mh OT 68 66 &T T 002 
0°O 0°O 0°06 eL6°LT O°0T O°OT OL°TS 22 68 0¢ et OT 66T 
0°o 0°0 0°0 eL6°LTt 0°¢ o°¢ OL°TS 22 68 o¢ eT OT e6T 
0°O 0°0 0°0 968°E> O°OT O°OT O¢°se 6 68 o¢ h OT 26T 
0°o 0°0 0°0 06e°L- o°¢ o°¢e Oe8°9S 2 06 oe 2 OT 96T 
0°0 0°0O 0°0 @90°0 o°¢ o°¢e Oe°tt OS 68 og 61 OT Sé6t 
0°n 0°0 0°0 096°02- ore aE 06°e2 6h 06 62 6T £T h6T 
e°o 0°0 0°0 629° he- o°¢ ore 0S°6S SS 06 62 Tt £t £6t 
0°o 0°0 0°0 TLE°eee o°¢ o°¢ OS°TS £S 06 62 of eT 261 
0°n 0°O 0°0 2e0°Te= 0°¢ o°¢ 06°Th 2S 06 62 h £t T6t 
0°o 0°O 0°0 hde°O0d= 0°s o°¢ OS°t ¢S 06 62 OT £Tt 06T 
0°a 0°o 0°6 Z2nS°0Z- 0°¢ ore 0O°LT 6h 06 ees «6T £tT 6a9t 
0°O 0°0 0°0 TES hee o°¢ o°¢ OT°ZS GS 06 82 Tt £t get 
0°0 0°0 0°0 ESe°ee- ace O°e OG°Lh ES 06 gz L £t Let 
0°n 0°0 0°0 96¢°0Z= O°OT O°OT ORc'2 ES 06 ez OT €T 998T 
0°o 0°0 0°0 cog°’st 0°0 0°0 Ge°92 9S 06 Le) Es. 3 bt sete 
0°n 0°o0 0°0 99h? Ze o°s o°¢ 00°2 TT 06 de OT 61 set 
0°n 0°0 0°0 GhH9°9° ore o°¢e Oh°62 S O06 Le: Sth 6T net 
0°O 0°09 0°0 E9n°OT= ors o°¢ On°ee et 06 firje— Ve 6T cet 
0°0 0°0 0°0 GOT°Gt o°¢e 0°¢ 02°92 L2 68 Ze gt 61 Zet 
0°0o 0°O 0°0 9£9°9r o°e a°¢ 00°2ztT S 06 92 h 6T Tet 
0°0O 0°0 0°O 9Gn°O0T= occ 860° Oh° ht 2T 06 92, tL 6T Ost 
0°o 0°0 0°0 e9n°set 0°0 0°0 On°st 9S 06 92 ¢2 61 6LT° 
0°0 0°0 0°0 TIT°St o°¢e o°¢ OT°Sh 92 68 92 «fT 6T 6LT 
ey TT e4eH ereH °93S Wi a3au3sao L1SI7 OL woOud 
S3TONVY AWIILYSA GAdNnoHwd 
L 39d 6L6T°OT YREWILdIS AVGNOW INdNI 


23 


8 


39Vd 


6L6T*OT y38WI1d 9S 


Tzoh AI BONY 
4zot ooe¢ dH 
420T ooe¢ dH 

TZ20h AI U3Z9NVY 

T20h AI UBONVY 

Glh OOT VW 
GLb OOT VW 
L6h OOT WW 
GLb 0OT VW 
L6h 00T VW 
Glh OOT vw 
L6h 0OT WW 

TZoh AI YIONVY 
Lzot ooge dH 

TZOh AT Ya9ONVY 

TZ2Oh AT YRONVY 
LZ0T 008¢ dH 
zz0t oo8¢ dH 
LZ20t 008¢ dH 
L20T OOBE dH 
zz0T 0O0e¢ dH 

T20h AI UBONVY 

TZ20h AT UZONVY 

T2o0h AI UZ9NWH 
4Z0T 008€ dH 

TZoh AI UBONVY 

SLh OOT WW 
L6h OOT WW 
SLh 0OT vw 
16h OOT UW 
46h OOT WW 
GLH 0OT WW 
GLh OOT VW 
L6h 00T WW 
SLh OOT WW 
16h OOT WW 
L6h OOT VW 
GLb OOT WW 
GLh OOT WW 
L6h 00T WW 
SLh OOT VW 
26h OOT VW 
GLh OOT WW 
L6h OOT WW 

T20h AT UBONVY 
LZ0T 00@¢ dH 

T20h Ar UdONYY 
L£Z20T 008¢ dH 

T20h AI UBONVY 
LZ0T 008s dH 


AVQNOW 


L46E°L2 
eLG°¢2 
hiG°¢2 
919°¢e 
haS°¢e 
heG°Eee 
hes°ee% 
hEes*ee 
06h°O 

06h°O 

06h°O 

06n°O 

6Sh°O 

hes*¢se 
¢€0S°’¢E2 
h9h°O 

9ehn°O 

Beano 

B6E°L2 
Oes’¢e2 
22S°¢e2 
hoe *ee? 
hOG°’¢2 
Tee°2z2 
TOn° 22 
91¢°Le 
e2ecg°se 
e2S°¢s2 
G2S°¢2 
Ses*¢c2 
ece°Le 
ese°Le 
T9E°L2 
T9e°L2 
hes’ e2 
heo°ee 
h29°¢2 
h29°¢ee 
eLS°¢E2 
@LS°Sz 
hlS°¢ee 
hlS°¢e2 
€e9°ee 
e¢9°C2 
he9°ez 
he9°¢e2 
h29°¢c2? 
h29°¢C]e? 
82S°¢e 
e2S°s2 


®43°H 


989°¢2 
9Eh°L2 
Lense 
90S°L2 
20S*z2 
2Tt2°0 

2t2°o 

2TL°o 

6hl*ee 
6hL°E2 
6hL°¢e 
6hL°Ee!2? 
Th9°E? 
hes?o 

h09°0 

On9°E~2? 
L9S°¢2 
99S°¢2 
ZzS°¢e 
g£h°Le 
9Eh°L2 
406°22 
90S°22 
0n9°ee? 
49S°¢2 
6£9°¢c]e? 
9T9°L2 
919°22 
919°22e 
9t9°L2 
6nl°¢ee% 
6hl°¢ee 
6hL°¢ee2 
6hl°¢e™!? 
96L°¢2 
962°¢2 
toe°¢ee 
Toe°¢e2 
6hl°Ee2 
6hL°¢e 
6HL°ES2 
6hL°E2? 
6nl°ce 
6hL°E? 
ge9°¢ce 
229°¢2 
989°¢2 
eT9°¢?2 
6£9°e? 
69S°¢2 


eTeH 


00°? 
00°. 
oo°2 
00°2 
00°? 
o0°e 
00°e 
00°2 
00°2 
00°2 
00°2 
00°e 
00°¢ 
oo°L 
00°? 
00°e 
00° 
00°2 
0o0°2 
oo°2 
00°: 
00°2 
00°2 
00°2 
00°2 
00°2 
00°e 
00°2 
00°2 
00°e 
00°2 
00°2 
00°2 
00°2 
00°e 
00°%e 
00°2 
00°2 
00°2 
00°2 
00°2e 
00°e 
00°2 
00°e2 
00°2 
oo°%s 
00°2 
oo°2 
00°2 
00°2 


Wdd 


cecoeeeee3eee 


ONOM NN OM MN A AAA AAA AN NNN FAAX HAO NNMNMNM NNO KV ON KH NM MN AFA ata tae ABNONNONOMNYH 


oooococoocomnnmnmnwnwnnmooocoeMnnMnnNnoocooco0cocoeceoceecoeconmnmnnwnmnnoococaesd 


= 
= 


TLT6° hGh 
Z2S06°hSh 
8206°hSh 
h906°hSh 
8606°hSh 
e099°T2 

G099°T2 

26S9°T2 

en9l*Tte 

es9l°te2 

LH9L°T2% 

Shol*t2 

6ThL°Tt2 

oz20L°T2 

6hnl9°T2 

2eed*t2 

BLTL°Tt2 

CetL*t2 

66Eh° 6ST 
hIsh°é6et 
G2Sh°6ETt 
heeh°é6¢et 
O0Lh°6ET 
eeeh°é6ct 
90hh°6ET 
Leeh°éest 
Seeh° eet 
6Teh°é6EeT 
6ECh°6ET 
eTen°éet 
htth°6et 
OTTh°éEeT 
9hTh°6et 
TTTh°6ET 
9¢6E°hSS 
hG6E HGS 
C00h’ hss 
2TOh? HSS 
TTee° hss 
6ELE°hSs 
99LE° HES 
Z9LE° HSS. 
h6LE°HSS 
LTee° ass 
GLOh° hSS 
LOLE° HGS 
etee°nhcs 
hOLe°> hss 
T9LE° HSS 
Thz@°hSs 


G3Au3s80 


192 
092 
6S2 
ace 
4G2 
9Ge 
sce 
hGe 
£G2 
eG2 
Tg2 
Ose 
6he 
Bh2e 
Lhe 
Ihe 
She 
the 
Ehe 
che 
The 
One 
6¢e 
ece 
Lge 
9¢e 
see 
he? 
£¢e 
2ge 
T¢2 
0¢2 
622 
gee 
L2e 
922 
See 
hee 
£22 
cee 
Tee 
022 
6Te 
ete 
dTte 
9Te 
ste 
hte 
gte 
2t2 


HANNNANNG AA eee oR 
Ax aA ete 
AANN AR RRR Ss 
aa 


N 
«= 
ac 


aA STS SF Ft exAARAR KA ASF SSF AAR APP RK PEP Bae ERK Pe Ee ae Be A ANNA ae 


SFtedtdtataA Ss sstttHAt AA APE PRK aA AAA RRR ae RAR 
ae 


OL WwOud 
SJINVISIO 3Ln tosAV 


ANdNtI 


24 


6 


39d 


6L6T°OE YIEWILdIS 


2cot O08F 
Sih O0T 
26h OOT 
Gib OOF 
26% OOF 
Sih 00T 
L6h GOT 
4cot ooe¢ 


AVGNOW 


246m OOT UW 

GLh OOT VW 

46h OOT WwW 

d6hm OOT VW 

SZbh OOT Vw 

SLh COT VW 
T2Oh AT YSONWY 
T20h AT Y3ONVY 
2ce0T OO0B8E dH 
T20h AT Y39NVu 
4cot 008¢ dH 
2e0Tt ooee dH 
TTTO OO9E dH 
26h 0OT WW 

Sih COT UW 

26h OOT VW 

Gib OOT WW 

26h OOF YW 

SLh OOT WW 

26h OOT YW 

Géh OOF YW 
46h COT VW 
Séh OOT VW 

26h OOF YW 

SLh OOT VW 
2464 OOT VW 
2e0t OO8e dH 
T2Oh AL YSONVY 
22ot ooe¢ dH 
2e0t O08€ dH 
TeOh AT YB9NVY 
246% OOT VW 

26h OOT YW 
Séh 00T VW 

26m OOF VW 

GLH GOT Vw 

Léh OOT VW 

26h OOT VW 

Sih OOT VW 
4e0t OO8E dH 


TZOh AT Y39NVY 
T20h AT YUSONVY 


dH 
Vi 
UW 
Vi 
VW 
Vin 
VW 
dH 


99n° Le 
99h° 22 
6hh°6et 
6nh°6t 
6hh°6T 
6hnh°éT 
Tenet 
60h Le 
06h° Le 
Tehn°st 
TEhn°6t 
Ten°ét 
LLT°O 

Sé6t°t 

S6t°t 

ShS°t 

Gho°t 

8L9°S% 
819°¢E2% 
sas°¢ee 
h69°T 

h69°T 

ees°ce 
ees’? 
€e9°ee 
e¢e9°ez 
h69°T 

neg°t 

eas’? 
€LS°es 
€LS°Ee 
SL9°¢E2% 
GL9°¢C? 
949°¢2 
919°¢S2 
Ogh°ét 
OGh°6T 
SEh°6t 
Seh°et 
Sth°6t 
OEh° ET 
SLh° et 
Sih°et 
L6E°L2 
468 °L2 
9149°S2 
919°S2@ 
8Lc°E2 
8LS°¢Ee2 
L6E°Le 


oper 


ZhH9°6T 
ZH9°6T 
99°12 
919°L2 
919°L2 
99°22 
L0S*z2 
62S°6T 
Z9n°6T 
sos*zz 
LEneL2 
9Eh° Le 
06h°T 

96L°E2 
96L°¢2 
964°? 
96L°2 
969°T 

969°T 

L69°T 

96L°E2 
96L°E2 
969°T 

g69°T 

869°T 

669°T 

zz9°ez 
se9°e2 
O0L°T 

hOL°T 

669°T 

0n9°6T 
0h9°6T 
On9°6T 
On9°6T 
964°¢2 
96L°E2 
Tos°e2 
toe°ez 
Z29°e2 
$89°92 
989°¢2 
eto°e2 
Toe°s2 
TOe°e2 
919°L2 
919° Lz 
gt9°Lz 
99°12 
atg°ee 


Ch a | 


00°? 
oo°2 
00°? 
00°2 
o0°2 
00°?e 
00°2 
00°¢2 
o0°2Z 
00°2 
00°2 
0o°2 
00° 
a0°? 
00°? 
00°? 
00°? 
00°2 
00°2@ 
00°e 
00°2 
00°2 
00°2 
00°2 
o0°e 
Oo°t 
o0°2Z 
00°? 
oo°cZ 
00°24 
00°¢2@ 
00°? 
00°2 
o0°? 
00°e 
00°2 
00°? 
00°¢ 
a0°e 
oo°s2 
00°2 
00°? 
00°, 
00°? 
00°2 
00°? 
00°e 
o0°2 
00°? 
00°24 


Wdd 


OM XA AAMAACHON KA HAR AAHFAANNONN NN NH AXA ARMA H ADH AMM NONMMONN NNN NNO M&A 


e@oeoee ee ee @ & @ 


eo © e® © @ © © © © © ® 


eceeeeee eee @ @ © @© @ @ 
aA 


COMMUN NM OCHMOCSCHHYMHMHMMNMNNMNQAOCCHOOCSMMNMNMNMNMNMNNMHMNMOENDGGOSGODCOCSCSSHN 


= 
= 


Een helt 
S9Zh°Helt 
SETH HETT 
BOTH nett 
hOZh° nett 
OhTh° nett 
LETH °HETT 
6Zeh° HEett 
LE0h° hEeTtt 
B9Th helt 
Ghth nett 
Z60h°  HETtT 
OTL9°T9 

6h9S°99 

hS9S°99 

enel°se 

6Sel°se 

922e°E69 

2S2e°L69 

eete°’s69 

eeee°ese9 

TUze°es9 
TTZEe° E69 
htze°ees 
9Tce°ee9 
9LTE° SES 
T9Te°e69 
e0Eee°ese9 
Ente°ee9 
heTte°ce9 
o0ze°se9 
oco0°ong 
€000°002 
G900°o02 
2£400°004 
@L00°O0L 
9900°0G2 
9900°002 
s0T0°O0L 
Ta00°Gns 
TOh0° O02 

€200°ONL 

966° 669 
6ET6° HSH 
99T6°HGh 

6006°hSh 

@006°hSh 
2206° hSh 
2968° HSh 

SE06°hGh 


O3AuN3SAO 


ZL OT tte 
L OT ote 
Ot Z 60¢ 
OT L g0e 
Of 4 Lo¢ 
OT L 90¢ 
Ot L so¢e 
Z OT hoe 
Z ot eae 
OT Z 20¢ 
Ot L Toe 
Ot ZL oo¢ 
42 Oh 662 
se U 862 
set 162 
he v7 962 
he 7 S62 


h TT hé6e 
b Tr £62 
h Tt 262 
Tt h T62 
Tt h 062 
b tt 682 
h tT e62 
h TT 492 
h Tt 992 
Tt h se2 
TT h he2 
h tt £e2 
h Tt eee 
h Tt Te2 
t ot 0e2 
h OT 6L2 
h at eLe 
) OT 422 
oT 922 
OT Sl2 
OT he 
ele 
2L2 
TLe 
012 
692 
892 
£92 
992 
$92 
492 
€92 
292 


i ll al oll a 


OL WOUS 
S39NVLSIC 3intosaV 


LNdNt 


25 


26h GOT UW 
GHS°t 
Slh OOT VW eds nS6°T 
46h OOT WW ae gOT°T 00° é 86Gl° he 
SHS°T e @ s*t ; Te 0¢ 
SLh OOT VW ‘ eoT’t 00° F L£eto°or T9¢ 
€2e8°0 ° z S*T Seto? te 62 0 
26h GOT VW €28°O hSé6°T o00°2 s°t €T0°OL t¢ 6 9¢ 
L6h 0OT VW 5 hS6°t 00° y hSZe°Sh 2 =66GE 
OTL? ° @ set 62 O¢ 
Glt GOT Va ot? gOoT T 00°2 Set E2Ck*Sh 62 0 eS 
GLb OOT WW Ps gOT°T oo° : SETE Sh € se 
€Sh°t ° @ s°t : 0¢ 62 
46m 00T WW €sh°t Teer apes ee 9STE°Sh oe 9S 
L6h OOT WW e46°t TEE’ oo*z ofS eenece 26 ae Sse 
GLh OOT VW Hee ndhet oo°2 ¢°T Ghnecce 2¢ 4 hSe 
L6h OOT Ww ae nih? O0°s et L90L°Lh te A ese 
Glh OOT VW Api hS6°T 00° ; HSOL°Lh tect 
960°T : @ s°t : Te OF 
L6h OOT Vw 6TL° hS6°t 00°e s°t ESn6°Lh OT 0 tse 
GLb OOT Ww t flat 00° : HSh6*Lh € ose 
6TL°T hlh® 2 set : or o¢ 
L6h OOT Vw cet Lhet pos e°T SOS6°Lh oer 6hEe 
SLh OOT Vin oe ee o0°z s*t Reyon OF Metlncite 
GLh OOT VW = BOTT 00° . S6Te°9L 0 Eee 
Lé Sth°6t 969° ee h0zz° tT 62 9 
h OCT VW ‘ T oo°2 A Z2°9L 0 he 
STh°’6t 169° g°t ¢ ° T 6z cS 
46h OOT VW ‘< cle | 00° ‘ hno°lg ne 
STh°6T . 2 ¢°t ° Ot Tt 
GLb OOT VW ‘ 969°T co° 7 92n0°L9 0 hoe 
STh°6T e 2 s°t ; Lott ye 
46h OOT VW - g69°T 00° e h2n0°2Lg he 
Sth 6T ° 2 s°t 6 ry OT tt 2 
46h OOT VW 5 969°T 00° : Sh0°L9 0 he 
SOL°T Th9° 2 st gtho° t XE tas 
GLh OOT VW ; 9°6t 00°2 s° n0"L9 0 
SOL°T - s‘*T Z2oh0° tT  o 
L6H OOT VW ‘ ThH9°6T 00° : eh0°L9 ne 
O2n°6t ° 2 s°t ° TT «OT 
Git OOT VW O2h° 669°T 00°2 o°t ELnO°L9 It 0 6E¢ 
LZ0T ooee dH ; _c. 669°T Oore 6°T £0h0°L9 ot ot. bee 
TZOh AT BONY Th°6t = 6 TS*T BAe: ioe 6040°L9 ‘ tT Lge 
uy €6e°6t e S$ 0° ° T TT 
Le2oTt OaggE dH 02 e Z4eS T o0°2 0° 6040 4g Ot I 9¢Ee 
T2Oh AT UB9NVY seusa ets" d0°s ri 29¢0°L9 OF tT ee 
1201 008E dH a. 62S*6t —00® ; h0h0°L9 a tans 
Tz0 SOL°T ° 2 0°S ° as) See 
bh AY w39NVU Z29n°6T ooe . 95hn0°2Z9 €¢ 
S6e°6T ° Ss o°2 hOho® It Of @ 
Gib OOT VW 5 669°T 00° : 0°L9 ee 
Beh 0 ° 2 0°S . tr OT 
L6h OOT VW A 9T9°Ll)e 00° ‘ nosgo’sg ¢¢ 
8h°O ‘ 2 s°t : Or % o¢¢ 
L6h OOT WW : 919°L2 O6es: ce SSOT°Sht e¢ 
88h 0 e S T T ry et L 62¢ 
GLh OOT VW 9T9°Lze 00° ‘ het’ Sht 2 
geno ; 2 s°t eset? t 4 Gee 
Gih OOT VW 2 9T9°22 o0°2 . eet’ Sht > 
2ch°d2 ° S°T zSet* tT 4 Lee 
46h OOT VW ‘ 2t2°O 00°2 a Set°Sht 2 
iL ott wa Sep te 2TL°0 Saas s*t TSI’ @ht es : 92¢ 
Tz2oh AI UBONV 6¢°Ll] LIL°O 00° s*t S9TT ent T See 
y S9n°o . z s*t ‘ 4 2T = hee 
420T OO08€ dH geh°O 20S°42 oo*2 o°s helt ent ri zt 
TZOh AY YR9ONV LEn° Le 00° . TEST Ont £2ee 
uy G9h°O . £ 0°s zt od 2 
1201 008s dH ae GOS*Z2 bose nee hOST°Cht zt Ok ee 
L20T OO@E dH Len°Le 00° ‘; 908T°Sht Tee 
26n° LZ ry 4 0°S e eT Z 0 
Teoh AT Y39NV hes°o 00° ESST°eht ee 
u hle°L2 ; L o°s zt ok Ae 
T2o0h AT wa9NVY 09°O 00° 4 OLhT eat L 
L6h 0OT V zshes2 = -h09°0 aaeeatcce TL2t°@ht 2t «ate 
wW 69h°lz 0 e o°e 0°sS LS r) d 2T LT¢ 
GLh OOT YW h9°6eT 00° é eT°Sht Z 
69h°L2 - 2 s*t e9th* et =oote 
GLH OOT Vw Oh9°6T oo°2 Th°hett Z 
06n°6T e s°T @6Th° OT ct¢ 
26h OOT YW 06h* 919°L2 o0°2 cot The mete L Ot 
et 919°L2 noe i LITh ett 0 nt€ 
2 s*t hOTh* t 4 ete 
Th° nett 0 
aH °reH gic t 2 ete 
wi 
G3AY3Ss0 01 woud 


S39NViISIO 31intosaV 


oT 39 
Vd 626T*OT Y3GWI1d3S AVONOW 
ANdNI 


26 


26h OOT Vw Sheet 96L°¢2? o0°2 s°*T €0T9°2ec¢ 92 fh €e¢e 
GLb OOT Vw She°t 96L°¢2 o0°2 s*t ett9°2’c 92 fh eee 
GLh OOT VW EGE°T OTL°T oo°2 g°*t 24669°0¢ Ot €¢ Tee 
46h OOT VW eset 9TL°T oo°2 s°t 2002°0S Oh 3 e¢ ogee 
26h OOT Vw 09S°T STL°T oo°2 s°t e222°0s T¢ e¢ 6LE 
GLh OOT VW 09S°T OTL°T 00°2 s°*t et2z°os Te ¢¢E ele 
Sih OOT VW Ogh*Tt BOT*T o0°2 s*t TS9H°6E ee 62 zz¢ 
L6h OOT VW O¢gh*T eOT°T oo°2 s°*t GE9n°6e ze 62 9L¢ 
46h OOT VW 998°O 9TL°t o0°2 g*t EThI°G2 62 ¢¢ Se 
Sih OOT Vw 898°0 OTL°t oo°e s°t 2Th9°S2 62 €¢ hee 
GLb OOT VW se9°T 9TL°t oo°2 o°s Ge62°l2 O¢ e¢ ele 
L6h OOT VW Se9°t 9TL°T 00°e O°S £162°L2 O¢ Ee 2u¢e 
26h OOT VW Ogee *t STL°T oo°2 s°*t TOnE* Th ze e¢ TLE 
0°0 0°0 00°S 0°0¢ osee*sce9 OT 6T ol¢ 
0°0 0°0 00°S 0°0¢ 09n9°008S Z 61 69¢ 
TZOh AI YRONVY 99h°12 T99°6T oo°2 a°s 96c9°00eS L 6T e9¢ 
491 WOU4 °SNVUL 0°0 0°O 0O°T O°fT co¢e°ztec¢e 6T et 19¢ 
voT1S2¢2 h Y3L3WI0039 0g2°ce 099°T OO°T O°LT esee°ze2o9e ot eT 99¢ 
VOTIS22 h YILIWIG039 O6T° OE 099°T CO°T O°dt Le66°Seese L eT soe 
votisee » 4¥3139WI0039 hhe°92 099°T OO°T O°2t OBhh? H9HSE h Tt hoe 
wotiw2ee h Y319WI0039 e29°¢]e 099°T OO°T O°2t hhth°*Oorse Tt £t £9¢ 
GLb OOT Vw Gast hS6°T 00°22 s°t €6SL°n2 Te ng 29¢ 
°4°H *I°eH Wdd WW G3Au3SAhO OL woud 
SJINVLSTO Jin tosav 
Tt 39d 6L6T°OE YIGWIIdaS AVONOW AINdNI 


rag | 


L2 h ETh 
92 fh 2th 
se h Tt 
he h OTh 


e¢ OT 60h 
€¢ OT 90h 
2¢ OT LOh 
TE OT 90h 
0¢€ OT SOh 
62 OT hOb 
Tt OF £Oh 
6¢ L 20h 
eT L T06 
L T 06h 


OL woud 
91430039 S¥ BWWS 3Hi 30 Of SSINIYSAAIA NOTAISOd I1WONOYISY 
4a? 32 AG °S8O L£L6T C200°C B9T6°T s000°0 0°o g000°O 0°0 6 et 66£ 
°SdO0 BL6T-L46T NVBW O0200°0 GOOE°s so00°o 0°0 ¢000°o 0°90 8¢ TT 86¢ 
°3°S LHOTSH °3°s °nNoOq °3°S lv OL woud 


(S¥3L3W) S3INZYZAISIC NOTLISOd 


“PGW °AUBA 6L6T TO0°O 682°6 6 L 16° 
“FOV °LUBA 6L6T TO00°O 620°0 g Z L6g~ 
*PFOV “LUBA 6L6T TO0°O Og9°Ge 9 h L46E° 
*PaY “LUBA LET T00°O One°Te S h 16° 
°POY °LYBA 646T Too°o Lé¢g?o € Tt L6¢e= 
"ray °AU3A 626T TO0°O #Sss°O 2@ tT Loge 
"POY °LYUBA 6L6T TOO°O SET’ €e 62 L46¢ 
"Trav °LYSDA 6LET to0°o LaL°o Ze 62 96¢ 
"row °LUBA 6L6T T00°O TS0°O- o¢ 62 S6E 
Pav LUBA 6L6T TO0°O 6nS°d- Te O¢ h6E 
°POV “LUBA 6L6T TO0°O0 Sho°o OT 62 €6E 
"POW “LUBA GL6T T00°O 960°0- o¢ OT 26¢ 
“ray °LUBA 6L6T TO0°O Té6r°ct TT OT T6¢ 
*rOV °LYUBA 6LET 700°0 T9E°9- 62 h 06¢ 
43° 3 AS °SSO LL6T Z200°O0 ech°Tt et L 68E 
dar Ag °S8O e26T 200°O zeL°ét 6¢ tT eer 
dar Ae °SEO BL6T 200°0 998°ZT et v LEE 
jgfd 4G °S8O LL6ET zZ00°O S99°Zt 21 T 9e¢E 
°FOV °LUBA 6LET TQO°O ONT°St h L see 
°rFaV LUBA 646T T00°O OTh°9T Z T Hee 
°3°Ss Q3auasao «(OL WOY4 


SJINAYISSIG NOTAVARINS 


et 39Vd 6L6T°OT YIGW3ILdaS AVONOW INdNt 


28 


Tt 


39Vd 


626T°OT 


y3GWILd3S 


AVGNOW 


(aquvs 


Wdd 
dd 
°93S 
°33s 
°93S 
°23S 


0°0 
0°0 
o°¢ 
0°0 
Het 
o°0 


WW 
Ww 
Wi 
WW 
fin 
hi 


0°0 S3INVLSIO AATLVI3N 


6°0 SJINVISIC 31Nn70SaU 
ore S3IONY WIILYIA AadNoyd 
0°0 SJIONV BWWOITLUZA WIoudII33u 
O°t SHINWIZ0 
0°90 SNOTi393uIA 


40 WNS YOLIBA 


NOTAVAY3SEO NO ANdNI AG NIGTUYZAO SSIWH) SHON GUYVGNVES TyOIud V 


iNdNt 


29 


APPENDIX B.--OUTPUT DATA FOR ADJUSTMENT 


The following computerized listing, using program HAVAGO, shows the output 
of the three-dimensional adjustment. 
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APPENDIX C.--LISTING OF ORTHOMETRIC HEIGHTS 


The following computerized listing is the output of the leveling adjustment 
program. 
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APPENDIX D.--LISTING OF GRAVITY VALUES 


The following computerized listing is the output of the gravity reduction 
and adjustment program. 
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(Continued from inside front cover) 


Determination of North American Datum 1983 coordinates of map corners. T. Vincenty, October 
1976, 8 pp (PB262442). Predictions of changes in coordinates of map corners are detailed. 


Recent elevation change in Southern California. §.R. Holdahl, February 1977, 19 pp (PB265- 
940). Velocities of elevation change were determined from Southern Calif. leveling data 
for 1906-62 and 1959-76 epochs. 


Establishment of calibration base lines. Joseph F. Dracup, Charles J. Fronczek, and Raymond 
W. Tomlinson, August 1977, 22 pp (PB277130). Specifications are given for establishing cali- 
bration base lines. 


National Geodetic Survey publications on surveying and geodesy 1976. September 1977, 17 pp 
(PB275181). Compilation lists publications authored by NGS staff in 1976, source availa- 
bility for out-of-print Coast and Geodetic Survey publications, and subscription information 
on the Geodetic Control Data Automatic Mailing List. 


Use of calibration base lines. Charles J. Fronczek, December 1977, 38 pp (PB279574). De- 
tailed explanation allows the user to evaluate electromagnetic distance measuring instru- 
ments. 


Applicability of array algebra. Richard A. Snay, February 1978, 22 pp (PB281196). Condi- 
tions required for the transformation from matrix equations into computationally more effi- 
cient array equations are considered. 


The TRAV-10 horizontal network adjustment program. Charles R. Schwarz, April 1978, 52 pp 
(PB283087). The design, objectives, and specifications of the horizontal control adjustment 
program are presented. 


Application of three-dimensional geodesy to adjustments of horizontal networks. T. Vincenty 
and B. R. Bowring, June 1978, 7 pp (PB286672). A method is given for adjusting measurements 
in three-dimensional space without reducing them to any computational surface. 


Solvability analysis of geodetic networks using logical geometry. Richard A. Snay, October 
1978, 29 pp (PB291286). No algorithm based solely on logical geometry has been found that 
can unerringly distinguish between solvable and unsolvable horizontal networks. For leveling 
networks such an algorithm is well known. 


Goldstone validation survey - phase 1. William E. Carter and James E. Pettey, November 
1978, 44 pp (PB292310). Results are given for a space system validation study conducted at 
the Goldstone, Calif., Deep Space Communication Complex. 


Determination of North American Datum 1983 coordinates of map corners (Second Prediction). 
T. Vincenty, April 1979, 6 pp (PB297245). New predictions of changes in coordinates of 
of map corners are given. 


The HAVAGO three-dimensional adjustment program. T. Vincenty, May 1979,.18 pp (PB297069). 
The HAVAGO computer program adjusts numerous kinds of geodetic observations for high preci- 
sion special surveys and ordinary surveys. 


Determination of astronomic positions for California-Nevada boundary monuments near Lake 
Tahoe. James E. Pettey, March, 1979. Astronomic observations of the 120th meridian were 
made at the request of the Calif. State Lands Commission. 


HOACOS: A program for adjusting horizontal networks in three dimensions. T. Vincenty, July 
1979, 13 pp. Horizontal networks are adjusted simply and efficiently in the height-control- 
led spatial system without reducing observations to the ellipsoid. 


Geodetic leveling and the sea level slope along the California coast. Emery I. Balazs and 
Bruce C. Douglas, September 1979, 23 pp. Heights of four local mean sea levels for the 1941- 
59 epoch in California are determined and compared from five geodetic level lines observed 
(leveled) between 1968-78. 
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(Continued) 
NOAA Technical Reports, NOS/NGS subseries 


The statistics of residuals and the detection of outliers. Allen J. Pope, May 1976, 
133 pp (PB258428). A criterion for rejection of bad geodetic data is derived on the 
basis of residuals from a simultaneous least-squares adjustment. Subroutine TAURE is 
included. 


Effect of Geoceiver observations upon the classical triangulation network. R. E. Moose 
and S. W. Henriksen, June 1976, 65 pp (PB260921). The use of Geoceiver observations is 
investigated as a means of improving triangulation network adjustment results. 


Algorithms for computing the geopotential using a simple-layer density model. Foster 
Morrison, March 1977, 41 pp (PB266967). Several algorithms are developed for computing 
with high accuracy the gravitational attraction of a simple-density layer at arbitrary 
altitudes. Computer program is included. 


Test results of first-order class III leveling. Charles T. Whalen and Emery Balazs, No- 
vember 1976, 30 pp (GPO# 003-017-00393-1) (PB265421). Specifications for releveling the 
National vertical control net were tested and the results published. 


Selenocentric geodetic reference system. Frederick J. Doyle, Atef A. Elassal, and James 
R. Lucas, February 1977, 53 pp (PB266046). Reference system was established by simulta- 
neous adjustment of 1,233 metric-camera photographs of the lunar surface from which 2,662 
terrain points were positioned. 


Application of digital filtering to satellite geodesy. C. C. Goad, May 1977, 73 pp (PB- 
270192). Variations in the orbit of GEOS-3 were analyzed for M,) tidal harmonic co- 
efficient values which perturb the orbits of artificial satellites and the Moon. 


Systems for the determination of polar motion. Soren W. Henriksen, May 1977, 55 pp 
(PB274698). Methods for determining polar motion are described and their advantages and 
disadvantages compared. 


Control leveling. Charles T. Whalen, May 1978, 23 pp (GPO# 003-017-00422-8) (PB286838). 
The history of the National network of geodetic control, from its origin in 1878, is pre- 
sented in addition to the latest observational and computational procedures. 


Survey of the McDonald Observatory radial line scheme by relative lateration techniques. 
William E. Carter and T. Vincenty, June 1978, 33 pp (PB287427). Results of experimental 
application of the "ratio method" of electromagnetic distance measurements are given 
for high resolution crustal deformation studies in the vicinity of the McDonald Lunar 
Laser Ranging and Harvard Radio Astronomy Stations. 


‘An algorithm to compute the eigenvectors of a symmetric matrix. E. Schmid, August 1978, 


5 pp (PB287923). Method describes computations for eigenvalues and eigenvectors of a 
symmetric matrix. 


The application of multiquadric equations and point mass anomaly models to crustal move- 
ment studies. Rolland L. Hardy, November 1978, 63 pp (PB293544). Multiquadric equa- 
tions, both harmonic and non-harmonic, are suitable as geometric prediction functions for 
surface deformation and have potentiality for usage in analysis of subsurface mass redis-— 
tribution associated with crustal movements. 


NOAA Manuals, NOS/NGS subseries 


Geodetic bench marks. Lt. Richard P. Floyd, September 1978, 56 pp (GPO# 003-017-00442-2) 
(PB296427). Reference guide provides specifications for highly stable bench marks, 
including chapters on installation procedures, vertical instability, and site selection 
considerations. 
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